Ribonuclease H (RNase H) specifically degrades the RNA of RNA/DNA hybrid. Recent study has shown that a single ribonucleotide is embedded in DNA double strand at every few thousand base pairs in human genome, and human RNase H2 is involved in its removal. Here, we examined the effects of neutral salts and pH on the activity and stability of human RNase H2. NaCl, KCl, RbCl and NaBr increased the activity to 170390% at 1060 mM, while LiCl, LiBr and CsCl inhibited it, suggesting that species of cation, but not anion, is responsible for the effect on activity. NaCl and KCl increased the stability by decreasing the first-order rate constant of the inactivation to 5060% at 6080 mM. The activity at 2535 C exhibited a narrow bell-shaped pH-dependence with the acidic and alkaline pK e (pK e1 and pK e2 ) values of 7.3 À 7.6 and 8.1 À 8.8, respectively. Enthalpy changes (DH ) of deprotonation were 5 ± 21 kJ mol À1 for pK e1 and 68 ± 25 kJ mol À1 for pK e2 . These results suggest that the ionizable groups responsible for pK e1 may be two out of Asp34, Glu35 and Asp141 of DEDD motif, and that for pK e2 may be Lys69 of DSK motif.
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Ribonucleases H (RNase H) is the enzyme that specifically hydrolyzes the 5 0 -phosphodiester bond of the RNA of RNA/DNA hybrids. RNase H is present ubiquitously ranging from bacteria to human. RNase H is classified into two groups, type I and type II. The former requires at least four consecutive ribonucleotides incorporated into DNA duplex for the degradation of RNA, while the latter requires only single ribonucleotide (13) .
Various RNA/DNA hybrids are present in cells, and RNase H is involved in their processing. Such hybrids include template RNA/cDNA formed in retroviral replication, RNA primer/DNA formed in lagging strand synthesis and telomere RNA/DNA formed in telomere elongation. The hybrids identified in recent years are R-loop, a three-strand nucleic acid structure consisting of an RNA/DNA hybrid and a single DNA strand. Recent study has shown that single ribonucleotides are embedded in DNA double strand (46). Both type I and II RNases H have the activity to degrade the RNA strand of RNA/DNA hybrids, while only type II has the activity to incise single ribonucleotides, initiating the so-called ribonucleotide excision repair (RER) activity (13) . The failure of the RNase H-mediated processing of RNA/DNA hybrids leads to doublestrand DNA break (DSB) of chromosome (13) . It was reported that DSB is repaired by homologous recombination (HR): cDNA is synthesized from the transcript RNA by reverse transcriptase, followed by the transcript RNA of the resulting RNA/DNA hybrid is degraded by RNase H and the resulting DNA fragment is used for HR with chromosomal DNA (7, 8) .
Eukaryotic type II RNase H (RNase H2) is composed of three different subunits, one catalytic subunit (A) and two accessory subunits (B and C) (9) . The active site has conserved DEDD and DSK motifs. The double mutation of Pro45!Asp and Tyr219!Ala in yeast RNase H2 abolishes the RER activity without impairing the RNA strand degrading activity (10) . RNase H2 is not critical for viability in yeasts (11) , while RNase H2 knock-out mice are embryonic lethal (12) . In human, decrease in RNase H2 activity by the mutation of RNase H2 gene causes AicardiGoutie`res syndrome (AGS), a severe neuroinflammatory disorder (6, 13, 14) . Recent study of the mechanism of AGS-RNase H2 onset has shown that nucleic acids are accumulated in cells, cGAS/STING works as a nucleic acid-sensing pathway and innate immune response is enhanced (15, 16) .
Considering that RNase H2 is involved in various cellular events, the development of RNase H2 activators and inhibitors is an important subject. However, enzymatic characteristics of human RNase H2 remain to be elucidated. In this study, we examined the effects of neutral salts and pH on the activity and stability of recombinant human RNase H2 expressed in Escherichia coli.
other chemicals were of reagent grade and purchased from Nacalai Tesque (Kyoto, Japan).
Expression and purification of recombinant human RNase H2 Recombinant human RNase H2 was prepared as described previously (17) . Briefly, E. coli BL21(DE3) [F-, ompT, hsdS B (r B -m B -) gal dcm (DE3)] was transformed with pET15b-hH2ABC, which was the pET-15b(+) plasmid (Merck Bioscience, Tokyo, Japan) harbouring the gene encoding A, B, and C subunits of human RNase H2 with a N-terminal (His) 6 tag at each subunit. The overnight culture of the transformants (15 ml) was added to 1500 ml of LB broth and in a 2-l flask and incubated at 30 C under vigorous aeration by air-pump. When OD 660 reached 0.3, 1.2 ml of 0.5 M isopropyl b-D-1 thiogalactopyranoside (IPTG) was added and growth was continued at 30ºC for 3 h.
After centrifugation at 10,000 Â g for 10 min, the cells were harvested, suspended with 20 ml of 20 mM Tris-HCl buffer (pH 7.5), 1 mM EDTA, 1 mM dithiothreitol (DTT) (buffer A) and disrupted by sonication. After centrifugation at 20,000Â g for 40 min, the supernatant was collected and applied to a HiTrap Heparin HP column (GE Healthcare, Buckinghamshire, UK) previously equilibrated with buffer A. After the wash with buffer A containing 0.2 M NaCl, the bound RNase H2 was eluted with buffer A containing 0.4 M NaCl and applied to a HisTrap HP column (GE Healthcare), previously equilibrated with 20 mM Tris-HCl buffer (pH 7.5), 0.5 M NaCl (buffer B). After the wash with buffer B, the bound RNase H2 was eluted with buffer B containing 30 mM imidazole and applied to a PD-10 column (GE Healthcare) pre-equilibrated with buffer A. Purified enzyme solution was stored at À80 C before use. The enzyme concentration was determined using the molar absorption coefficient at 280 nm of 83,030 M À1 cm À1 .
GFC
Human RNase H2 (0.1 ml of 1.7 mM in 20 mM Tris-HCl buffer (pH 7.5)) was applied onto a COSMOSIL Packed Column 5Diol-300-II (7.5 mm inner diameter Â 600 mm) (Nacalai Tesque) equilibrated with 20 mM Tris-HCl buffer (pH 7.5), 0.5 M L-Arg at a flow-rate of 1.0 ml/min and detected by absorbance at 280 nm (A 280 ).
Circular dichroism spectra measurement Circular dichroism (CD) spectra of human RNase H2 (0.4 ml of 0.5 mM in 20 mM Tris-HCl buffer (pH 7.5)) was determined with a 2-mm cell using a J-820 spectropolarimeter (Jasco, Tokyo, Japan) under the following condition: spectral range 200250 nm, 25ºC, 100 mdeg sensitivity, 0.2 nm resolutions, 4 s response time, 20 nm min À1 scan rate and four accumulations. CD spectra were processed with a Jasco software, and finally expressed in mean-residue molar ellipticity units, [] (deg cm 2 dmol
À1
).
RNase H2 assay RNase H2 assay was performed using a fluorescence substrate as described previously (18, 19 18 (named R1/D18) was prepared as described above by using 3 0 -FITC-labelled 5 0 -GATCTGA GCCTGGGaGCT-FITC-3 0 (R1) instead of R18. Enzyme reaction was started by adding 20 ml of 0.33 or 3 nM RNase H2 to the 180 ml of the mixture containing 2.8 or 5.6 nM substrate (R18/D18 or R1/D18) in a 96-well plate. The reaction buffers were 50 mM Tris-HCl buffer at pH 7.0-8. [S] o are the initial reaction rate, the molecular activity, the initial enzyme concentration and the initial substrate concentration, respectively. The proton dissociation constants (K e1 and K e2 ) for the bell-shaped pH-dependence of the activity (k cat /K m ) were calculated from Equation (1) or (2) by a non-linear least squares regression method with Kaleida Graph Version 3.5 (Synergy Software, Essex, VT):
In this equation, (k cat /K m ) o , (k cat /K m ) obs and [H] are the intrinsic k cat /K m value, the k cat /K m value observed and the proton concentration, respectively, at a specified pH.
Irreversible thermal inactivation of human RNase H2
Human RNase H2 (330 pM) was incubated at 30 C, 35 C or 40 C in 20 mM Tris-HCl buffer containing various salts for specified durations followed by the incubation on ice for 5 min. The remaining activity was determined at 25 C as described above. Assuming that the thermal inactivation reaction of human RNase H2 is irreversible and consists of only one step, the first-order rate constant, k obs , of the thermal inactivation was evaluated by plotting logarithmic values of the residual activity against the time of heat treatment according to Equation (3), as described previously (20, 21) 
where A is the constant term and B is the relative activity (%) defined as the ratio of the initial reaction rate at a time for the thermal incubation (= t) to that without the incubation.
Thermodynamic analysis
The enthalpy change, ÁH , of deprotonation was determined from a van't Hoff plot according to Equation (4), as described previously (22) . The activation energy, E a , for the thermal inactivation was determined from an Arrhenius plot according to Equation (5), as described previously (20, 21) ) and absolute temperature in degrees Kelvin, respectively.
The Gibbs free energy change of activation, ÁG z , and the enthalpy change of activation, DH z , the entropy change of activation, DS z , for the thermal inactivation at certain temperature were determined according to Equations (6), (7) and (8), respectively:
where A, R, T, N and h are the constant term, the gas constant
), absolute temperature in Kelvin, Avogadro number (= 6.022 Â 10 23 mol À1 ) and Plank constant (= 6.626 Â 10 À34 J s), respectively.
Results and Discussion
Production of recombinant human RNase H2 Human RNase H2 is composed of three different subunits (A, B and C). The human RNase H2 expression plasmid, pET15b-hH2ABC, has a T7 promoter sequence followed by genes for A, B and C, each containing (His) 6 tag at its N-terminus (17) . These three subunits were co-expressed in the BL21(DE3) cells transformed with pET15b-hH2ABC. The active enzyme was purified from the soluble fractions of the cells with heparin affinity chromatography as the first step and Ni 2+ affinity column chromatography as the second step. It is noted that human RNase H2 was eluted at relatively low imidazole concentration (30 mM). Fig. 1 shows the results of SDS-PAGE analysis of the active fractions at each purification stage and the purified enzyme preparations. The purified preparation yielded three bands corresponding to A, B and C. Figs S1 and S2 (see online supplementary material for a colour version of this figure) show the elution pattern of gel filtration chromatography (GFC) and CD spectrum, respectively, of the purified enzyme preparation. In GFC, L-Arg (0.5 M) was contained in the equilibrium buffer to improve resolution (23) . Human RNase H2 was eluted at the position corresponding to molecular mass of 120 kDa (Fig. S1 , see online supplementary material for a colour version of this figure). On SDS-PAGE, the peak fractions showed three bands with the same intensity, indicating that the purified enzyme preparation consists of each one molecule of A, B and C (Fig. S1D , see online supplementary material for a colour version of this figure). The molecular mass of the heterotrimeric complex is calculated to be 88 kDa based on the amino acid sequence, and the difference from the value estimated from GFC analysis (120 kDa) might be derived from the unique character of human RNase H2. On CD spectroscopy, the purified enzyme preparation exhibited negative ellipticities at around 200250 nm with minimum values around 208 nm (Fig. S2 , see online supplementary material for a colour version of this figure).
Effects of salts on the human RNase H2 activity
To analyze the effects of various neutral salts on the human RNase H2 activity, we performed fluorescencebased RNase H2 assay. An RNA 18 /DNA 18 hybrid (R18/D18) ( Fig. 2A) and a hybrid consisting of DNA 14 RNA 1 DNA 3 and DNA 18 (R1/D18) (Fig. 3A) were used as the substrate. R18/D18 is designed to emit fluorescence when RNA 18 is cleaved at a site close to the 3 0 end, and the fluorescein-labelled RNA fragment dissociates from the complementary DNA strand. R1/D18 is designed to emit fluorescence when DNA 14 RNA 1 DNA 3 is cleaved at the 5 0 -end of the RNA 1 .
In the reaction with R18/D18, the relative activity of human RNase H2, which is defined as the ratio of the activity in the presence of salt to that in the absence, increased with increasing concentrations of NaCl, KCl, RbCl or NaBr, reached the highest (180390%) at 3060 mM and decreased (Fig. 2B) . As is the case with R1/D18, the relative activity increased with increasing concentrations of NaCl, KCl, RbCl or NaBr, reached the highest (170250%) at 1030 mM and decreased (Fig. 3B) . It is noted that the result with NaCl is in good agreement with those reported previously (10) . In contrast, the relative activity decreased with increasing concentrations of LiCl, LiBr or CsCl. The ( Fig. 2C) , and those in the reaction with R1/D18 were 51, 48 and 40 mM, respectively (Fig. 3C) . These results suggest that species of cation, rather than anion, might be responsible for the effect on activity.
Effects of salts on the human RNase H2 stability
To analyze the effect of NaCl on the human RNase H2 stability, we incubated human RNase H2 at 30 C, 35 C or 40 C for specified durations and measured the remaining activity by the assay using R18/D18. The natural logarithm of the relative activity (%) plotted against the incubation time gave linear relationships at all temperatures (Fig. 4AÀC) , indicating that the inactivation followed first-order kinetics. The first-order rate constant (k obs ) values at 30 C, 35 C and 40 C in the presence of 10 mM NaCl were 7.1 Â 10 À4 , 1.7 Â 10 À3 and 4.7 Â 10 À3 s À1 , respectively, and those in the absence were 7.7 Â 10 À4 , 2.7 Â 10 À3 and 7.0 Â 10 À3 s À1 , respectively, indicating that 10 mM NaCl stabilized human RNase H2. Fig. 4D shows an Arrhenius plot. The natural logarithm of k obs against 1/T showed a linear relationship, and the activation energies (E a ) of thermal inactivation were calculated from the slope to be 149 ± 5 kJ mol À1 for the presence of 10 mM NaCl and 175 ± 13 kJ mol
À1
for the absence.
To analyze the effects of NaCl and KCl concentrations on the human RNase H2 stability, we incubated human RNase H2 at 37 C for 10 min in the presence of 0À200 mM NaCl or KCl, and measured the remaining activity by the assay using R18/D18. The k obs values decreased with increasing NaCl or KCl concentrations and reached 40% at 80 mM NaCl or 52% at 60 mM KCl (Fig. 5A) . The half-life (t 1/2 ) at 37 C was 3.8 min in the absence of salt. It increased with increasing NaCl or KCl concentrations and reached 9.5 min at 80 mM NaCl or 7.3 min at 60 mM KCl (Fig. 5B) .
To analyze the inactivation mechanism, we incubated human RNase H2 with or without 10 mM NaCl at 40 C for 3 min and measured their elution patters in GFC and their CD spectra. There is little difference in the elution patterns of human RNase H2s before and after the incubation at 40 C (Fig.  S1 , see online supplementary material for a colour version of this figure). On the other hand, the [] 208 and [] 222 values of human RNase H2 were in the order of before the incubation5after the incubation with 10 mM NaCl5after incubation without NaCl (Fig.  S2 , see online supplementary material for a colour version of this figure). These results suggest that the inactivation results from the denaturation rather than the dissociation of the heterotrimeric complex and that NaCl stabilizes human RNase H2 by suppressing the denaturation.
Mechanism of activation of human RNase H2 by salts
The feature of the activation of human RNase H2 by NaCl, KCl, RbCl and NaBr is that the 1.73.9-fold activation was observed at very low-salt concentration (1060 mM) (Figs 2B and 3B). Similar to Thermotoga maritima type 2 RNase H (RNase HII), the 3-fold activation was observed at 50 mM NaCl (9). In the following, we discuss the differences between the activation of human RNase H2 and those of a typical halophilic enzyme, Halobacterium sp. NRC-1 RNase H1 (Halo-RNase H1) (24) and Bacillus thermoproteolyticus zinc metalloproteinase themolysin (25) . The Halo-RNase H1 activity requires the presence of 2 M NaCl, which was thought to result from the saltmediated unfavourable suppression of negative charge repulsion at the molecular surface including the active site (24) . The thermolysin activity increased in an exponential fashion with increasing concentration of NaCl and reached 13001500% at 4 M, which was thought to result from the interaction between respective ions and particular residues and/or the salt-mediated suppression of unfavourable charge repulsion (25) . It is noted that there is almost no activation at 50 mM NaCl in Halo-RNase H1 or thermolysin, much different from the case with human RNase H2.
Shaban et al. (26) reported the crystal structure of mouse RNase H2. They created a model for the complex of mouse RNase H2 and the RNA/DNA hybrid using the crystal structure of the complex of Bacillus halodurans RNase H1 and the RNA/DNA hybrid as a starting model and showed that unlike the case with B. halodurans RNase H1, the RNA/DNA hybrid makes significant clash with mouse RNase H2 subunit A (26) . In the current study, the optimum concentrations of NaCl, KCl, RbCl and NaBr were different according to the substrate (60, 60, 30 and 40 mM, respectively, for R18/D18 (Fig. 2B) and 20, 30, 20 and 20 mM, respectively, for R1/D18 (Fig. 3B) ). These evidences suggest that the salt-based activation of human RNase H2 results from the interaction between respective ions and particular residues as well as that between respective ions and the RNA/DNA hybrid.
Mechanism of inhibition of human RNase H2 by salts NaCl, KCl, RbCl and NaBr inhibited the human RNase H2 activity at 50À200 mM ( Figs 2B and 3B) , and LiCl, LiBr and CsCl inhibited it at 0À200 mM ( Figs 2C and 3C) . The inhibition by NaCl and LiCl was reported in TREX1 (27) . TREX1 is a 3 0 !5 0 exonuclease in mammalian cells. Like RNases H, TREX1 has a DEDD motif and two divalent metal ions catalytic system. In addition, decrease in TREX1 activity by the mutation of its gene causes AGS (6). Brucet et al. proposed that based on the crystal structure of the complex of TREX1 and a nucleotide, LiCl and NaCl inhibited the TREX1 activity by competing with the divalent cations for the binding at the active site (27) . Similar inhibition of enzyme activity by LiCl was reported in inositol monophosphate (28) . If such mechanism can be applied to human RNase H2, our results suggest that Na + , K + and Rb + exhibit weak inhibition because they have low binding ability with the active site, while Li + and Cs + exhibit strong inhibition because they have high binding ability with the active site.
Mechanism of stabilization of human RNase H2 by salts Based on the results of thermal inactivation (Fig. 4) and according to Equations (5)À(8), E a , the Gibbs free energy change of activation (ÁG z ), the enthalpy change of activation (ÁH z ) and the entropy change of activation (ÁS z ) for thermal inactivation were 175 kJ mol À1 , 92 kJ mol À1 , 172 kJ mol À1 and 265 J mol
, respectively, in the absence of NaCl and were 149 kJ mol À1 , 93 kJ mol À1 , 146 kJ mol À1 and 178 J mol À1 K À1 , respectively, in the presence of 10 mM NaCl. This indicates that the presence of 10 mM NaCl decreased ÁH z and ÁS z , suggesting that the enhanced thermal stability by salt was due to the decrease in DS z . The highest stabilization of human RNase H2 was observed at 80 mM NaCl or 60 mM KCl (Fig. 5) , which is similar concentration to the case with the activation (Figs 2B and 3B ). This suggests that the mechanism of stabilization by salts is similar to that of activation. On the other hand, human RNase H2 almost lacked activity at 200 mM NaCl or KCl (Figs 2B and 3B), while it exhibited activity after incubation at 37 C for 10 min at 200 mM NaCl or KCl (Fig. 5B ). This suggests that the binding of NaCl and KCl to the active site inhibits activity, but is reversible.
Effects of pH on the RNase H2 activity
To analyze the effects of pH on the RNase H2 activity, we measured the activity at pH 7.010. C (C) in 20 mM Tris-HCl buffer (pH 7.5) in the presence or absence of 10 mM NaCl for the indicated durations. Then, the reaction was carried out using R18/ D18 as described in Fig. 2 . The relative activity is the ratio of the initial reaction rate with incubation for the indicated durations to that without incubation. (D) Arrhenius plots of k obs values. The logarithm of k obs values were plotted against the reciprocal of the absolute temperature. Activation energies (E a ) of thermal inactivation were calculated from the slope to be 149 ± 5 kJ mol À1 for the presence of 10 mM NaCl and 175 ± 13 kJ mol À1 for the absence.
Activity and stability of human RNase H2 bell-shaped profiles, which is in good agreement with those reported previously (10) . First we applied the results to the reaction scheme with two ionizable groups (Fig. S3A , see online supplementary material for a colour version of this figure), which is generally used for the analysis of pH-dependence of enzyme activity. The (k cat /K m ) o value and the pK e1 and pK e2 values were calculated according to Equation (1) . However, the curve expressed by Equation (1) did not fit the data points (Fig. S3B , see online supplementary material for a colour version of this figure), indicating that this conventional reaction scheme with two ionizable groups (each at acidic and alkaline side) involved in enzyme activity was not applicable to pH dependence of human RNase H2 activity. Assuming that the steep increase in (k cat /K m ) obs at pH 7.0À8.0 results from the presence of two ionizable groups with the same pK a values, we applied the results to the reaction scheme with three ionizable groups, in which only the EHS complex gives products (Fig. 6A) . The (k cat /K m ) o value and the pK e1 and pK e2 values were calculated according to Equation (2) . The curve expressed by Equation (2) fit the data points well (Fig. 6B ), indicating that this scheme was applicable. Fig. 6C shows a van't Hoff plot. Enthalpy changes (DH ) of deprotonation were 5 ± 21 kJ mol À1 for pK e1 and 68 ± 25 kJ mol À1 for pK e2 .
Catalytic mechanism of human RNase H2 DEDD and DSK motifs are conserved in RNase H2. Shaban et al. (26) showed that based on the crystal structure of mouse RNase H2, Asp34, Glu35, Asp142 and Asp170 likely coordinates two divalent metal ions. Rychlik et al. (9) showed that based on the crystal structure of the complex of a single peptide T. maritima RNase HII with a nucleic acid, Asp18, Glu19 and Asp107 of DEDD motif coordinate metal ions, while Asp124 of DEDD motif does not. Consistent with that, the mutation of counterparts of Asp18, Glu19 or Asp107 abolished the activities of RNases HII from Archaeoglobus fulgidus and Thermococcus kodakaraensis, while the mutation of Asp124 did not (29, 30 (ii) the DSK motif-containing loop is located close to the active site and is flexible in the absence of substrate; and (iii) the mutation of Lys69 of the DSK motif abolished activity. In Fig. 6A , "EH" is the free enzyme that can bind the substrate and give the product. These results suggest that the "EH" corresponds to the human RNase H2 in which Asp34, Glu35 and Asp141 are deprotonated and Lys69 are protonated. They also suggested that at least one residue out of Asp34, Glu35 and Asp141 has an ionizable group involved in the catalytic mechanism responsible for acidic pK e (pK e1 ) and Lys69 may be that for alkaline pK e (pK e2 ).pK e values are commonly used for the estimation of ionizable groups involved in the catalytic mechanism. In this study, we used not only pK e but also DH of deprotonation for the estimation for the following two reasons: (i) pK a of activesite residues sometimes vary considerably depending on the microenvironment. For example, the pK a values of the active-site glutamate were 8.4 in xylanase (32) and 7.0 in carboxypeptidase A (33); (ii) each amino acid has its own DH values of side chain, and such DH values of amino acid residues in protein are little affected by the microenvironment and are almost equal to those of free amino acids (22, 34) . Activity at 2535 C exhibited a narrow bell-shaped pH-dependence with the acidic and alkaline pK e (pK e1 and pK e2 ) values of 7.3À7.6 and 8.1À8.8, respectively (Fig. 6A) , which is similar to those of RNases HII from E. coli (35) and T. maritima (30) .
In this study, the conventional reaction scheme with two ionizable groups (each at acidic and alkaline side) involved in enzyme activity was not applicable to pH dependence of human RNase H2 activity (Fig. S3 , see online supplementary material for a colour version of this figure). On the other hand, the one with three ionizable groups (two at acidic side and one at alkaline side) was applicable (Fig. 6) . In this scheme, pK e1 and A B Fig. 5 Effects of salts on the human RNase H2 thermostablitiy. Human RNase H2 (330 pM) was incubated at 37 C in the presence of 0 À 200 mM NaCl or KCl for specified durations. Then, the human RNase H2 reaction was carried out using R18/D18 as described in pK e2 values were calculated 7.3À7.6 and 8.1À8.8, respectively, and DH of deprotonation was calculated 5 ± 21 kJ mol À1 for pK e1 and 68 ± 25 kJ mol À1 for pK e2 (Fig. 6 ). It should be noted that the DH of deprotonation for pK e1 (5 ± 21 kJ mol À1 ) is similar to that of the side chains of L-Asp (À6 to 6 kJ mol À1 ) (34), suggesting that the ionizable groups responsible for pK e1 may be two residues out of Asp34, Glu35 and Asp141 of DEDD motif. We speculate that the difference between the pK e1 of human RNase H2 (7.3À7.6) and the pK a of the side chain of Asp in protein (around 3À5) might be due to the microenvironment in the active site, as discussed above. On the other hand, the pK e2 value of human RNase H2 (8.1À8.8) is similar to the pK a of Lys in protein (around 8À10), and the DH of deprotonation for pK e2 of human RNase H2 (68 ± 25 kJ mol À1 ) was similar to the ÁH of the side chain of Lys (70.4 ± 4.4 kJ mol À1 ) (34) . This suggests that the ionizable group responsible for pK e2 may be Lys69.
Conclusions
NaCl, KCl, RbCl and NaBr increased the human RNase H2 activity, while LiCl, LiBr and CsCl inhibited it. The ionizable groups responsible for pK e1 may be two out of Asp34, Glu35 and Asp141 of DEDD motif, and that for pK e2 may be Lys69 of DSK motif. Further study is required to explore the mechanisms of the activation and stabilization of human RNase H2 by salts and to assign its ionizable residues controlling the activity. On the other hand, the results presented in this study might be useful to establish the reaction condition in the screening of activators and inhibitors of human RNase H2. C, which was drawn to fit the experimental data. (C) van't Hoff plot of pK e values. pK e1 and pK e2 values were plotted against the reciprocal of the absolute temperature. Enthalpy changes (DH ) of deprotonation were calculated from the slope to be 5 ± 21 kJ mol À1 for pK e1 and 68 ± 25 kJ mol À1 for pK e2 .
